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ABSTRACT 
 
 
 
 
In underbalanced drilling (UBD), bottom hole pressure (BHP) must be 
maintained in the defined limit. Maintaining underbalanced drilling conditions after 
pipe connection operation is required for the success of underbalanced drilling 
operations. Modeling and simulation of gas-liquid two phase flow in an UBD 
operation is very significant in order to accurately predict the wellbore pressure and 
other parameters of two phase flow. After pipe connection operation in UBD, upon 
restarting mud circulation system, frictional pressure influenced the BHP and the 
fluid slugs in the drill string are transferred into the annulus. Therefore, the 
hydrostatic pressure will increase and UBD pipe connection operations create a BHP 
vibration, which is a critical point. This particular time can reduce the benefits 
obtained to drill the well in an underbalanced environment. In this study, a 
mechanistic steady state gas-liquid two phase flow model was used to simulate the 
two phase flow after pipe connection operation in UBD. Simulation was carried out 
to predict the parameters; such as wellbore pressure, liquid holdup, and velocities of 
the two phases at different flow patterns, namely slug, bubble, churn, dispersed 
bubble, and annular flow. In order to predict wellbore pressure, a steady state model 
was developed to predict flow patterns, pressure gradient, and liquid holdup for gas-
liquid flow in vertical annulus and drill string. The model included flow pattern 
transition models and hydrodynamic models for individual flow pattern. The model 
equations along with appropriate constitutive relations formed a system of coupled 
drift flux, momentum, and energy equations, which were solved using the well 
known iterative Newton Raphson method. All model equations were implemented in 
a computer program named Fortran 95. The effect of gas and liquid flow rates, and 
choke pressure on the wellbore pressure, particularly in the BHP was evaluated 
numerically. In order to validate the results of the developed model, they were 
compared with actual field data and the results of the WELLFLO software using 
different mechanistic models. The results revealed that the two phase model 
developed can accurately predict wellbore pressure, particularly BHP, wellbore 
temperature, gas/liquid velocities, and two phase flow patterns.   
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ABSTRAK 
 
 
 
 
Dalam penggerudian imbang bawah (UBD), tekanan dasar lubang (BHP) 
mesti dikekalkan pada had yang ditetapkan. Pengekalan keadaan penggerudian 
imbang bawah selepas operasi penyambungan paip adalah diperlukan bagi menjamin 
kejayaan operasi penggerudian terbabit. Pemodelan dan penyelakuan aliran dua fasa 
gas-cecair bagi suatu operasi UBD adalah sangat penting bagi meramal secara tepat 
tekanan lubang telaga dan parameter lain dalam aliran dua fasa. Selepas selesainya 
operasi penyambungan paip dalam UBD, sebaik sahaja bermulanya semula  
pengedaran lumpur dalam sistem, tekanan geseran akan mempengaruhi BHP dan  
slug bendalir di dalam rentetan gerudi akan berubah kedudukan ke anulus. Dengan 
itu, tekanan hidrostatik akan meningkat dan operasi penyambungan paip dalam UBD 
menghasilkan getaran BHP yang merupakan suatu titik kritikal. Keadaan ini boleh 
mengurangkan manfaat yang diperoleh daripada penggerudian telaga dalam 
persekitaran imbang bawah. Dalam kajian ini, model mekanistik aliran keadaan 
mantap dua fasa gas-cecair telah digunakan untuk menyelaku aliran dua fasa terbabit 
selepas operasi penyambungan paip dalam UBD. Penyelakuan dilaksanakan untuk 
meramal parameter misalnya tekanan lubang telaga, tahanan cecair, dan halaju dua 
fasa pada pelbagai corak aliran, iaitu slug, gelembung, pusaran, gelembung tersebar, 
dan anulus. Dalam usaha untuk meramal tekanan lubang telaga, suatu model keadaan 
mantap telah dibangunkan bagi meramal corak aliran, kecerunan tekanan, dan 
tahanan cecair untuk aliran gas-cecair di dalam anulus tegak dan rentetan gerudi. 
Model terbabit merangkumi model peralihan corak aliran dan model hidrodinamik 
untuk corak aliran yang berlainan. Persamaan model itu berserta dengan hubungan 
juzuk yang sesuai telah membentuk sistem gandingan fluks sesaran, momentum dan 
persamaan tenaga yang boleh diselesaikan menerusi penggunaan kaedah lelaran 
Newton Raphson. Semua persamaan model diaplikasi menggunakan program 
komputer, Fortran 95. Kesan gas dan kadar aliran cecair serta tekanan pencekik 
terhadap tekanan lubang telaga terutama dalam BHP dinilai secara berangka. Dalam 
usaha untuk mengesahkan keputusan model terbabit, semua pencapaiannya 
dibandingkan dengan data sebenar medan dan hasil daripada perisian WELLFLO 
yang menggunakan pelbagai model mekanistik. Hasil kajian yang diperoleh 
menunjukkan bahawa model dua fasa yang dibangunkan boleh meramal secara tepat 
tekanan lubang telaga terutama BHP, suhu lubang telaga, halaju gas/cecair dan corak 
aliran dua fasa.  
 
 
